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3 A Rationale for the Use of Norepinephrine after the Control of

Bleeding in Hemorrhagic Shock?

The fifth edition of the European guidelines on management of major
bleeding and coagulopathy after trauma recommends the use of
vasopressors in addition to fluids to maintain target arterial pressure
(Grade 1C: strong recommendation with low-quality evidence) (1).
Conversely, in the U.S. guidelines and most recent review related to
hemorrhagic shock management, use of vasopressors is not
mentioned (2, 3).

The pathophysiology of hemorrhagic shock is well known;
during the early compensatory phase there is a sympathoexcitatory
response, which alters to a sympathoinhibitory response when the
bleeding becomes severe and/or when anesthetics are administrated to
manage the associated trauma. Despite control of the bleeding source
and adequate transfusion, some patients experience a persistent
hypotensive state associated with capillary leak syndrome and a
systemic inflammatory response mirroring a sepsis-like syndrome,
which is similar to ischemia-reperfusion-related injury (3-4).

Preclinical studies have demonstrated that the decreases in
arterial pressure, cardiac output, and oxygen carrying capacity of the
blood induced by hemorrhagic shock activate the sympathetic
nervous and renin angiotensin systems. These changes cause a
reduction in renal blood flow, renal oxygen delivery, and renal
microcirculatory perfusion and oxygenation (5), which likely
contribute to the decrease in renal function that develops during
hemorrhage. Supporting this notion are the findings that acute
kidney injury develops in septic shock, where there are also decreases
in renal perfusion and oxygenation (6). Interestingly, such decreases
in perfusion and oxygenation are selective to the renal medulla, in
accord with the proposition that the renal medulla is susceptible to
hypoperfusion and hypoxia.

Fluid resuscitation is the primary treatment for hemorrhage to
normalize intravascular volume, preload, and cardiac output with the
aim of increasing arterial pressure and oxygen delivery to tissues to
improve perfusion and oxygenation. In a series of studies in
hemorrhaged anesthetized rats, fluid resuscitation with a range of
crystalloid fluids did not restore renal cortical or medullary
oxygenation, although arterial pressure and renal blood flow were
improved (5); another group found resuscitation with Ringer’s lactate
partially restored renal perfusion (7). In sepsis, resuscitation with fluid
and norepinephrine is the primary treatment, and the detrimental
effects of resuscitation with norepinephrine in sepsis have been
reported (6). In contrast, the effects of fluid plus norepinephrine
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resuscitation on renal perfusion and oxygenation during hemorrhage
are not well understood, and the use of norepinephrine has been
questioned in view of its ability to cause renal vasoconstriction.

In mice with uncontrolled hemorrhagic shock, compared with
fluid alone, a combination of fluid plus norepinephrine reduced fluid
requirement and blood loss, improved splanchnic microcirculatory
blood flow (8), and improved survival (9). In uncontrolled lethal
models of hemorrhagic shock, vasopressin, but not resuscitation with
crystalloid, significantly improved survival (10). In clinical practice,
excluding treatment of patients with traumatic brain injury, the ideal
strategy remains unclear. The results of retrospective studies support
that the combination of fluid resuscitation with vasopressors is
associated with significantly higher mortality (11-13), whereas the
prospective studies that tested low doses of vasopressin in young
patients with trauma are more positive. Treatment with low doses of
vasopressin, randomly added to fluid resuscitation in 78 critically ill
patients with trauma with penetrating injuries is associated with
reduced fluid requirements (14). More recently, a small randomized
controlled trial recruited 100 patients with trauma (most with
penetrating injuries) and tested the association of low doses of
vasopressin versus fluid alone. Vasopressin was associated with a
significantly reduced requirement for blood but not fluids (15). In
both these randomized controlled trials, vasopressin treatment did
not improve mortality.

In this issue of the Journal, Libert and colleagues (pp. 34-43)
report the results of an experimental study of controlled hemorrhage
in anesthetized pigs with a subcostal lobotomy, which mimics a
penetrating injury (16). They studied the effects of treatment with a
combination of norepinephrine with fluid versus fluid alone on renal
microcirculatory perfusion, renal oxygenation, renal function, and
renal histology 48 hours after hemorrhage. The main finding was that
the combination of norepinephrine with fluids was as safe as fluid
alone and reduced fluid requirements and therefore the degree of
hemodilution. Both treatments caused a similar restoration of renal
microcirculation and oxygenation in the cortex and medulla,
accompanied by increased renal function; neither treatment caused
damage to the kidney. This finding contrasts with the situation in
sepsis, where resuscitation with norepinephrine worsened the
amount of hypoxia in the renal medulla (7), which may be due to the
excessive inflammation in that condition. In view of this, as indicated
by the authors, a future study of a hemorrhagic model with severe
trauma, which would induce an inflammatory response, would be
important. The strength of this experimental study is that it studied a
large animal model that is likely to be more clinically relevant than
rodent models. Furthermore, it is based on a plausible clinical
scenario of penetrating trauma with pragmatic outcome assessments
(renal function, fluid requirements, renal microcirculatory blood
flow, and renal histology at 48 hours) and supports the concept of
safe use of norepinephrine once the bleeding source is controlled.
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Other limitations to the clinical message are the use of young pigs
that are more resistant to hypotension, as suggested by the absence of
mortality in this study. The results may be different in older
comorbid animals or an older clinical population with chronic
hypertension, for instance. This study confirms that in hemorrhagic
shock adding norepinephrine to fluid resuscitation does not threaten
the renal microcirculation or renal function.
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3 Small Airway Anatomy: An Indicator of Pollution Susceptibility

in Adults?

It is well accepted that long-term exposure to higher amounts of air
pollution impairs lung function in adults and accelerates the rate of
lung function decline (1, 2). Ambient pollution exposure may also
increase risk of developing chronic obstructive pulmonary disease
(COPD), even among never-smokers (3). However, few individual-
level traits have been identified that modify the long-term effects of
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air pollution on adult respiratory health, particularly at low pollutant
concentrations just above recently revised World Health
Organization air quality guidelines (4). In this issue of the Journal,
Bourbeau and colleagues (pp. 44-55) sought to address this need (5).
The authors evaluated dysanapsis, a mismatch of airway tree caliber
to lung parenchyma size, as a potential indicator of pollution
susceptibility, building on emerging evidence implicating airway
abnormalities and impaired lung growth as risk factors for COPD (6).
The authors found that long-term exposure to particulate matter <2.
5 um in aerodynamic diameter (PM, 5) and nitrogen dioxide (NO,)
were each associated with lower lung function. Among those in the
lowest quartile of radiographic airway-to-lung ratio, the associations
of PM, 5 with lung function and odds of COPD were greater.
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